The Atlantic Subtropical Rainforest covers a huge area of Santa Catarina state, starting on the coast and going through the Serra Geral. Along its distribution, the vegetation changes according to altitude, geomorphology, and soil. In the attempt to evaluate vegetation variations related to different soil types in an Atlantic Forest remnant, 43 plots of 200 m 2 were sampled. All the individuals with DBH ≥ 5.0 cm were measured. We have found consistent floristic and structural variations, which separated sample plots with Litholic Neosol and Rogosol situated in slopes from those with Yellow-Red Ultisol and Haplic Cambisol, as well as plots with Fluvic Neosol from Haplic Gleisol in plateaus. Species richness increased according to water availability and soil depth, with the plateaus' soils being the richest. Each area was characterized by a range of indicator species and the results indicated that soil attributes are important drivers of vegetation variation.
INTRODUCTION
The Atlantic Rainforest exhibits high biological diversity, endemism values and threat levels, therefore it is considered a global hotspot for biodiversity conservation (Myers, 2003) . Dense, rich and exuberant Subtropical Atlantic Rainforest runs along the coastal highlands found in Santa Catarina state, Brazil (Klein, 1980; Maçaneiro et al., 2015a) . In this vegetation typology, recent studies have pointed out a high richness of species that, sometimes, overcomes that of other forest types found in this state, adding up to 1,473 species of plants in 599 genera and 144 families (Gasper et al., 2014a) .
In Santa Catarina, the Atlantic Subtropical Rainforest originally covered 29,282 km 2 , which corresponded to 31% of the state's territory. However, due to the historical process of overexploitation of natural resources, it has been reduced to only 40.4% of its original extension, of which less than 1% has remained without anthropogenic modification (Vibrans et al., 2013) . Secondary forests are those that have suffered anthropogenic disturbances and have had its composition and structure altered. These forests have been considered important for conservation as they preserve a significant part of the original diversity of species and in this sense may complement the role of primary forests (Gibson et al., 2011) . In the coastal highlands of Santa Catarina, most secondary forests are represented by fragments up to 50 ha distributed in different formations, according to the altitudinal gradient (Vibrans et al., 2013; Maçaneiro et al., 2015b) . In these formations, elevation drives, indirectly, a range of other environmental factors that are related to vegetation distribution. Climatic components (solar radiation, precipitation, and temperature), geomorphological (relief, slope, and gap) and pedological (soil types and water availability) are closely related to changes in elevation (Ferreira-Júnior et al., 2012; Schaefer et al., 2015) . Therefore, interactions amongst these components are expected to be one of the main drivers of vegetation distribution in the Atlantic Subtropical Rainforest .
Due to the environmental diversity and species richness found in Santa Catarina's Atlantic Subtropical Rainforest, some studies have investigated the main determining factors of vegetation floristic and structural variations. On a local scale, geomorphology has been found to perform an important role in describing vegetation floristic and structural variations (Maçaneiro et al., 2016a) . In fact, geomorphology determines soil types and their physical and chemical properties (Ferreira-Júnior et al., 2012; Marangon et al., 2013; Santos et al., 2013) . Nevertheless, water regime and slopes' erosion are important environmental predictors that can influence vegetation distribution as well (Schaefer et al., 2015) .
In Santa Catarina's coastal highlands, at higher altitudes, soils tend to be shallower and poorer in nutrients, which directly affect the composition and structure of tree communities (Klein, 1980; Ferreira-Júnior et al., 2012; Schaefer et al., 2015) . On these areas, vegetation is characterized by the reduced size, small diameter, tortuous and bifurcated individuals. However, in lowlands with flat reliefs, constituted by floodplains, soils can vary in depth and frequently suffer from waterlogging most part of the year. In lowlands, vegetation is characterized by low homogeneous canopies with few tree species adapted to the local water stress conditions (Klein, 1980; Curcio et al., 2007) . So, the relation between soil types and forest composition and structure have been well studied in Santa Catarina's Atlantic Subtropical Rainforest (Vibrans et al., 2012) , especially in the Vale do Itajaí's region (Klein, 1980; Maçaneiro et al., 2015a Maçaneiro et al., , b, 2016b Maçaneiro et al., , 2017 . However, there are few studies that have evaluated in a consistent manner the influence of different types of soils over tree communities. Thus, this work intends to answer the following questions: (i) Even in close locations, are there vegetation floristic and structural variations related to slope position? (ii) Are these differences observed among different types of soils? A positive answer is expected, since this ascertainment has already been confirmed in studies conducted in other regions of the Atlantic Subtropical Rainforest (Curcio et al., 2007; Teixeira et al., 2008; Ferreira-Júnior et al., 2012; Marangon et al., 2013; Schaefer et al., 2015) .
MATERIAL AND METHODS
The study area is part of the Parque Nacional da Serra do Itajaí, located at Faxinal do Bepe, Santa Catarina, Brazil (Figure 1 ). It is situated within the limits of the Itajaí river watershed, with ~255 ha total area, altitude The climate is Cfa -humid subtropical climate according to Köppen's classification, i.e. it has warm summers without dry seasons. The average annual temperature ranges between 16-18 °C and the monthly average temperature varies between 12-14 °C on the coldest month (July), and between 20-23 °C on the warmest months (January and February). The annual relative humidity varies between 82-84% and the total annual rainfall ranges between 1,500-1,700 mm, evenly distributed all year long (Pandolfo et al., 2002) .
The study area spreads over two geological formations: Itajaí Group (Gaspar Formation), composed by meta-cluster rocks, and by non-hydromorphic soils, shallow soils (thickness < 20 cm), and without diagnostic B horizon (Litholic Neosol and Regosols); Tabuleiro Complexe, composed by granite-gneiss rocks, and non-hydromorphic soils, deep soils (thickness > 50 cm), with textural or incipient B horizons (Yellow-Red Ultisol and Haplic Cambisol). Furthermore, associated to these geological formations, there are alluvial areas located in valleys formed by recent sediments. These are constituted by non-hydromorphic soils, with A horizon resting on C layer and fluvic nature at a depth of 150 cm and, eventually, hydromorphic nature, with glei horizon between 50-150 cm (Fluvic Neosol e Haplic Gleisol) (Santos et al., 2013; Aumond et al., 2018) .
The Subtropical Upperhills Broadleaved Evergreen Rainforest (sensu , hereafter referred to as Subtropical Rainforest, is the predominant vegetation. This forest changes according to local geomorphology, and the underlying soil type. The colonization and occupation of Faxinal do Bepe began in 1953 and lasted until 2004. During this period, most of the forests in the study area were submitted to selective logging and posterior conversion to pastures; nowadays, the pastures are abandoned and covered by vegetation in initial successional stage (Maçaneiro et al., 2017) .
For data collection, randomly distributed sample plots were established, including all the three areas described above (slopes and lowland). (13 plots), respectively. In these sample plots, all living trees and shrubs with DBH ≥ 5.0 cm were sampled.
The botanical samples were deposited in the Dr. Roberto Miguel Klein Herbarium (Gasper et al., 2014b) and identified by comparison with other voucher specimens with the help of experts. APG IV (2016) and Brazilian Flora 2020 (JBRJ, 2017) were used as classification systems and to check name spelling, respectively.
To analyze floristic and structural variations between the sampled areas, two data matrices were used; the first was constituted by the composition of species and the second by their abundance. Afterwards, Non-metric Multidimensional Scaling (NMDS) was used to verify how sample plots behaved in the multidimensional space of composition and abundance of species. Sørensen's distance was used for the composition matrix and Bray-Curtis' distance for the abundance one (Legendre & Legendre, 2012) . To verify NMDS's consistence, a stress measure was calculated, which indicates the amount of variances not explained by the NMDS model (McCune & Grace, 2002) . The stress statistical significance was verified by Monte Carlo's test with 999 permutations, and the confirmation of the stress' stability in the final portion of the iterations was verified as suggested by McCune & Grace (2002) . Finally, the statistical significance of the floristic groupings formed by NMDS was tested using the Analysis of Similarity (ANOSIM).
In order to compare the species richness of sampled areas, rarefaction curves were used according to Mao Tau's method. In this analysis, rarefaction was based on the number of individuals observed, since the comparison of species richness between different areas can be influenced by the density of individuals on each area (Gotelli & Colwell, 2001 ).
To describe the vegetation's structure, classic phytosociological parameters were calculated (density, dominance, relative and absolute frequencies, and the importance value for each species), for each area. Subsequently, the indicator species for each area were analysed and the indicator values for each species were obtained using Tichý & Chytrý's (2006) method. Statistical significance of each indicator's value was verified using Monte Carlo's test with 9,999 permutations.
Vegetation structure was compared using measured dendrometric attributes: medium and maximum diameter at breast height (DBH), as well as its variance; total minimum, medium and maximum heights and its variance; total basal area; number of individuals and number of bifurcated stems. The comparison between these variables was made using the ANOVA and its means were obtained from Tukey-Kramer's test, both using a level of significance of α = 5%. ANOVA's suppositions were checked according to Zar (2010) .
RESULTS AND DISCUSSION
In the Non-metric Multidimensional Scaling (NMDS), composition and abundance of species in the sample plots differed according to soil types ( Figure 2 ). The first two ordination axes of composition and abundance matrices segregated the sample plots situated in Litholic Neosol and Regosols, Fluvic Neosol and Haplic Gleisol and Yellow-Red Ultisol and Haplic Cambisol, and produced 57.3% and 58.7%, respectively, of the correlation between ordination distances and original n-dimensional space. Average stress obtained by real data (composition = 23.9%; abundance = 24.4%) and randomized data (composition = 31.6%; abundance = 28.1%) of the two first ordination axes of NMDS remained stable in the final portion of the iterations, and presented statistical significance (Monte Carlo, p < 0.05). Moreover, the three floristic groups formed by NMDS showed significant differences between each other regarding species composition and abundance (ANOSIM, p < 0.001).
Differences between the analyzed vegetation are related to the environments. Studies on environmental gradients carried out in local scales showed that vegetation distribution is strongly related to soil type (Klein, 1980; Curcio et al., 2007; Schaefer et al., 2015; Scipioni et al., 2015; Maçaneiro et al., 2016a, c) . Ferreira-Júnior et al. (2012) , for example, mentioned that relief changes imply modifications in soils' physical and chemical properties and these will influence the distribution pattern of vegetation. In the present study, the different types of soils were the main drivers of the segregation of floristic groups, indicating that physical and chemical characteristics of these soils provide specific conditions and different vegetation composition and structure.
Tree and shrub species richness increase according to water availability and soil depth (Figure 3 ). In the Fluvic Neosol and Haplic Gleisol areas, 89 species
were estimated, considering the standardization of 295 individuals, while other areas indicated decrease in species richness on deep and non-hydromorphic soils (Yellow-Red Ultisol and Haplic Cambisol, with 77 species) and shallow and non-hydromorphic soils (Litholic Neosol and Regosols, with 58 species). Although the number of individuals does not get close to the rarefaction curves' stabilization in each area analysed, a considerable increase on the number of species according to water availability and soils' depth was observed. The species richness' increase, according to water availability and soils' depth, had already been described by several authors (Curcio et al., 2007; Ferreira-Júnior et al., 2012; Moulatlet et al., 2014) . In the present study, changes in water availability and soils' depth can lead to modifications in their physical and chemical properties, which are considered the main predictors in trees and shrubs species' distribution on the Atlantic Subtropical Rainforest (Ferreira-Júnior et al., 2012; Schaefer et al., 2015; Maçaneiro et al., 2016a) .
Fluvic Neosol and Haplic Gleisol areas exhibited the highest species richness values. In the valley-bottom portions a high environmental heterogeneity can occur, along with high fertility, which enables the coexistence of elevated species richness (Teixeira et al., 2008) . However, Curcio et al. (2007) consider hydromorphic soils highly selective for most species and, in turn, they tend to present lower specie richness when compared to other soils. Nevertheless, it is worth emphasizing that hydromorphic soils are not predominant in the alluvial lowland areas, which are composed by non-hydromorphic soils. These areas were less affected by anthropogenic processes, since they did not contain a considerable amount of species of economic interest, which could have caused the increase of species richness. On the other hand, the opposite occurred in areas with deep non-hydromorphic soils, such as Yellow-Red Ultisol and Haplic Cambisol, which contained several trees species of economic interest (Ocotea catharinensis, Ocotea porosa and Aspidosperma australe, among others) and where selective harvesting was more intense (Schorn & Maçaneiro, 2018) .
In the Litholic Neosol and Regosols plots, only 247 individuals of 58 different species were sampled. So, they had the lowest floristic richness registered among the areas analyzed. This is an area with non-hydromorphic shallow soils (< 20 cm thickness) subjected to water deficit during droughts and with low fertility, that occupies higher altitudes and steep slopes. Total density of individuals was 1,543.8 ind ha n = number of sampled trees; DA = absolute density (ind ha -1 ); DR = relative density (%); FA = absolute frequency (%); FR = relative frequency (%); DoA = absolute dominance (m 2 ha -1 ); DoR = relative dominance (%) and; VI = importance value (%).
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Mollinedia clavigera, Cyathea phalerata, Laplacea fructicosa, and Myrsine umbellata (VI = 96.8%), which characterized it (DR = 31.9%). Ocotea puberula registered an importance value of 38.7%, especially because of its high density (DA = 193.8 ind ha -1 ), dominance (DoA = 5.78 m 2 ha -1
) and due to the fact it was found in all plots (FA = 100%). This area also presented ten indicator species, as Ocotea puberula, Podocarpus sellowii, Agarista eucalyptoides, Persea alba, Ilex theezans, and Myrsine umbellata, which added up to more than 50% of the indicator value index (Table 2 ).
In the Yellow-Red Ultisol and Haplic Cambisol area 1,096 individuals of 144 different species were sampled. This area is characterized by its deep non-hydromorphic soils (> 50 cm thickness) and by its incipient B horizon, which improves water retention. Total density was of 2,490.9 ind ha -1 and basal area was of 51.97 m 2 ha -1 (Table 1) . When compared to Litholic Neosol and Regosols, its vegetation structure is distinct and it is characterized, predominantly, by Cyathea phalerata, Alsophila setosa, Alchornea triplinervia and Cryptocarya mandioccana, which adds up to more than 90% of importance value. Cyathea phalerata and Alsophila setosa have an importance value of 64.7%, especially due to its high density (DR = 37.5%) and to the fact that it can be found in more than 80% of the study area.
In this area seven indicator species can be found, with emphasis on Alsophila setosa which has more than 50% of indicator value index (Table 2) .
Fluvic Neosol and Haplic Gleisol area is located on the valley-bottom, on alluvial lowlands formed by recent sediments. Due to its location, these areas have a permanent water availability, and can even suffer from water saturated soils most part of the year (hydromorphic soils). In this area 496 individuals of 112 species were sampled. Total density of individuals was 1,907.7 ind ha -1 and basal area 42.77 m 2 ha -1 (Table 1) . Vegetation structure is characterized, predominantly, by the presence of Dicksonia sellowiana, Ocotea elegans, and Cedrela fissilis, which represented the highest importance value (VI = 53.9%), and characterized the vegetation physiognomy (DR = 13.5%). Dicksonia sellowiana exhibited the highest importance value (VI = 26.4%), especially due to its high density (DA = 161.5 ind ha ) and to the fact it can be found in more than 80% of the sample plots. Moreover, this area had the biggest number of indicators species, adding up to 17 species, with emphasis on Ilex paraguariensis, Dicksonia sellowiana, and Sapium glandulosum, which added up to more than 50% of indicator value index.
When analyzing the vegetation's structural parameters, not all dendrometrical variables showed significant differences between each other (Table 3) . However, it was confirmed that in areas with Litholic Neosol and Regosols, the maximum DAP and trees' minimum height were significantly different from (Klein, 1980; Carvalho et al., 2005) . Thus, soil types can influence tree diameter and height.
A strong gradient was verified between individual's density increase and their basal area according to the higher soils' depth (Table 3 ). In areas with shallow soils (Litholic Neosol and Regosols) density and basal area were statistically lower (Tukey-Kramer, p < 0.0001) when compared to other areas analyzed, in the given order: Fluvic Neosol and Haplic Gleisol, Yellow-Red Ultisol and Haplic Cambisol. This result suggests that, in the studied area, deep soils tend to present more exuberant vegetation when compared to shallow soils, which was already expected due to greater water and oxygen availability for plants, as well as better texture, structure and porosity conditions (Carvalho et al., 2005; Ferreira-Júnior et al., 2012) . However, studies focusing on soil's physical, chemical and morphological attributes shall be conducted in order to confirm this hypothesis.
CONCLUSION
The results indicate that vegetation presents consistent floristic and structural variations, since significant patterns in the floristic groups formation were statistically confirmed, according to the analyzed soils.
Species richness increases according to the level of water availability and soils' depth, whereby lowlands alluvial soils (Fluvic Neosol and Haplic Gleisol) showed the highest species richness, followed by the ones in slopes with deep soils (Yellow-Red Ultisol and Haplic Cambisol), and shallow non-hydromorphic soils (Litholic Neosol and Regosols) showed the lowest species richness.
Attributes related to geology, geomorphology, and pedology are important drivers of floristic and structural variations on an Atlantic Subtropical Rainforest in Santa Catarina. Considering that this study was conducted in a local scale, the same approach should be used in other regions of the Atlantic Subtropical Rainforest, given that these studies should investigate the association among trees/shrubs species and the physical/chemical properties of the soil. The averages followed by the same letter, in the same line, do not differ statistically among themselves regarding the significance level α = 5% by Tukey-Kramer test; F = value of statistic F; p = probability.
